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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a synchroniza- 
tion processing apparatus in a receiver of a radio base 
station applying a CDMA (Code Division Multiple 
Access) system as a radio access system in a mobile 
communication system such as a car telephone and a 
portable telephone. 

Description of the Related Art 

[0002] In a mobile communication system, a mobile 
station and a radio base station apparatus transmit and 
receive control data and user data via radio link. Espe- 
cially, when the mobile station transmits control data 
including a call request to a network side including the 
radio base station apparatus, the mobile station gener- 
ally uses a common physical channel that is used com- 
monly by a plurality of users. Since such a channel 
becomes a random access channel by a plurality of 
users, it is necessary for the radio base station appara- 
tus to perform receiving processing of burst signals by 
random access from a plurality of users individually. 
[0003] In the mobile communication system, a mobile 
station acquires frame synchronization at a frame timing 
of a base station generally by receiving a perch channel 
signal that is a forward link signal transmitted from the 
base station. 

[0004] In a CDMA system in which a channel over 
radio link is recognized by a spreading code, a radio 
base station usually performs RAKE receiving in which 
mobile station transmitted radio signals are received as 
a plurality of propagation paths to combine. As dis- 
closed in Japanese Unexamined Patent Publication 
NO.8-181636, one of already-known configurations of a 
CDMA receiver for performing RAKE receiving com- 
prises a synchronization processing section for per- 
forming search processing to detect a phase of a 
spreading code used in received spread data and a 
RAKE receiving section, based on the phases of 
spreading codes corresponding to a plurality of paths 
detected at the synchronization processing section, for 
despreading signals of a plurality of paths individually, 
correcting phases and performing a predetermined 
weighting to combine. 

[0005] In a method applied for random access chan- 
nel in a CDMA mobile communication system in order to 
facilitate initial synchronization in a burst receiving at a 
base station, a mobile station performs spreading by 
adjusting a spreading code phase (shift register initial 
value of a spreading code generator) to a frame timing 
synchronized with the base station to transmit a burst 
signal. 

[0006] In such a method, when a mobile station trans- 



mits a burst signal so that a random access timing of the 
mobile station is synchronized with a frame timing of a 
base station in order to enable the base station to per- 
form a path search in a range corresponding to a prop- 

5 agation delay time difference of communications 
between the base station and the mobile station to 
detect a path phase from the mobile station, it is possi- 
ble for the base station to perform a phase adjusting 
(chip synchronization) of a spreading code to acquire 

10 frame synchronization. 

[0007] FIG. 1 illustrates a block configuration of a con- 
ventional synchronization processing apparatus in a 
CDMA receiver. In FIG.1, the principal part of the syn- 
chronization processing apparatus is composed of 

is spreading code generating section 1 for generating a 
spreading code, matched filter 2 for performing correla- 
tion processing of received spread data with the spread- 
ing code output from spreading code generating section 
1 while varying a phase to output the correlation value in 

20 a time sequence, delay profile data averaging section 3 
for performing averaging processing on outputs from 
matched filter 2 over a predetermined interval to gener- 
ate delay profile data, maximum selection path number 
setting section 4 for setting the upper limit of the number 

25 of paths which the synchronization processing appara- 
tus can select, path selecting section 5 for selecting 
maximum N numbers of paths in order of the higher 
received power from paths with maximum received 
power corresponding to N numbers of paths assigned 

30 by maximum selection path number setting section 4 
from data output from delay profile data averaging sec- 
tion 3, valid path threshold value setting section 6 for 
setting a threshold value to limit paths in obtaining can- 
didate paths to be subjected to RAKE receiving, and 

35 valid path deciding section 7 for selecting only the path 
more than the threshold value set by valid path thresh- 
old value setting section 4 from among paths selected 
by path selecting section 5. 

[0008] The operation of the synchronization process- 

40 ing apparatus in the conventional technique will be 
described next using FIG.1. The operation example 
described herein refers to the case of detecting as a 
maximum P-MAX numbers of path phases of paths 
whose received power levels exceed Pt (threshold 

45 value) in a range of search width S illustrated in FIG.3. 
When the search width is assumed as A chips, a value 
of S is Ax2 samples in the case of operating the syn- 
chronization processing apparatus at an oversampling 
rate which is twice of a chip rate. 

so [0009] Since the same random access channel is 
used by a plurality of mobile stations, every mobile sta- 
tion uses the predetermined same spreading code. A 
type of spreading code used in the random access 
channel is set at spreading code generating section 1 , 

55 maximum selection path number P-MAX is set at maxi- 
mum selection path number setting section 4, and valid 
path threshold value Pt is set at valid path threshold 
value setting section 6. As a maximum selection path 
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number, the number of a plurality of correlators com- 
prised in the RAKE receiving section is usually set. As a 
valid path threshold value, a received power level which 
enables a decision to be performed as a path with 
received power level high enough to a noise level is set. 
[0010] Spreading code generating section 1 gener- 
ates spreading codes in a time sequence to load at 
matched filter 2. In order to achieve a search width cor- 
responding to 256 chips (62.5 \xs) with respect to a burst 
signal with a symbol rate of random access channel of 
16ksymbols/sec in a CDMA system with a chip rate of 
spreading code of 4.096MHz, a spreading code may be 
loaded at intervals of 62.5p.s using a matched filter of 
512 (256 x 2) taps in the case of operating the synchro- 
nization processing apparatus by twice-oversampling. 
This operation is continued until the data necessary for 
averaging processing of delay profile data is acquired. 
[0011] Matched filter 2 outputs correlation values of 
spread data input to the matched filter with spreading 
codes loaded at the matched filter in a time sequence 
varying a phase of the spreading code. 
[0012] Delay profile data averaging section 3 performs 
averaging of delay profile data by integrating delay pro- 
file with an A-chip width output from matched filter 2 
over a long enough interval. It is possible to reduce 
a noise component of the matched filter output 
data to improve a S/N ratio by this averaging 
processing. The delay profile data subjected to the 
averaging processing is assumed as PD[0] to 
PD[S](S=A x 2:twice-oversarnplling ). 
[001 3] An operation example for path phase detection 
with respect to delay profile data PD[0] to PD[S] sub- 
jected to the averaging processing and output from 
delay profile data averaging section 3 will be described 
FIG.2. FIG.2 is a flowchart illustrating an operation 
example for the path phase detection at path selecting 
section 5 and valid path deciding section 7 in the syn- 
chronization processing apparatus of the conventional 
technique. In FIG. 2, S1 to S8 indicate an operation of 
path selecting section 5 and S9 to S14 indicate an oper- 
ation of valid path deciding section 7. 
[0014] In step (hereinafter abbreviated as S) 1 , varia- 
ble n is initialized to 1, PD[0] is substituted for variable 
temp to shift to S2. In S2. a comparison of maximum 
selection path number P-MAX with variable n is per- 
formed. Since P-MAX numbers of path phase deten- 
tions are finished when n>P-MAX, the processing shifts 
to S9, otherwise the processing shifts to S3. 
[001 5] In S3, variable p is initialized to 1 to shift to S4. 
In S4, a comparison of variable p with search width S is 
performed. The processing shifts to S8 for the next path 
phase detection when p>S, otherwise the processing 
shifts to S5. In S5. a comparison of PD[p] with temp is 
performed, and when PD[p]>temp and a value of PD[p] 
is not MARK, the processing shifts to S6 because it is 
anon-detected path phase, otherwise the processing 
shifts to S7. MARK is a mark for indicating a detected 
path phase. 



[0016] In S6, variable p is substituted for variable 
temp-p, and received power level PD[p]corresponding 
to this path phase p is substituted for variable temp, and 
1 is incremented to a value of variable p to shift to S4. In 
5 S7, 1 is incremented to a value of variable p to shift to 
S4. 

[001 7] In S8, path phase temp-p that is detected at the 
nth time is substituted for Phase[n], received power 
level PD[temp-p] is substituted for Level[n]. At this point, 

io since temp-p is a detected path phase, MARK is substi- 
tuted for PD[temp-p], and further MARK is substituted 
for neighboring phases temp-p- 1 and temp-p+1. It is 
because only a path phase having a distance more than 
one chip should be decided as a different independent 

is path (in the. case of twice-oversampling). 1 is incre- 
mented to a value of variable n for the next path phase 
detection to shift to S2. 

[001 8] In S9, variable n is initialized by 1 , and variable 
m is initialized by 0 to shift to S10. In S10, a comparison 
20 of variable n with P-MAX is performed. Since P-MAX 
numbers of path phase detentions are finished when 
n>P-MAX ( the processing shifts to S14, otherwise the 
processing shifts to S1 1 . 

[0019] In S11, a comparison of received power level 

25 Level [n] of nth path phase detected at path selecting 
section 5 with valid path threshold value Pt. Since it is 
decided as a valid path when Level [n]>Pt, the process- 
ing shifts to S11 , otherwise the processing shifts to S1 3. 
[0020] In S12, in order to make the nth path phase 

30 Phase[n] decided as valid the mth valid path phase, 
Phase[n] is substituted for Path[m]. 1 is incremented to 
variable m and variable n to shift to S10. In S1 3. since it 
is decided that the nth path phase is not a valid path 
phase, 1 is incremented to variable n to shift to S10. In 

35 S14, since valid path deciding section 7 finishes the 
decision of valid or invalid of path with respect to all P- 
MAX numbers of path phases detected by path select- 
ing section 5, m numbers of path phases Path[0] to 
Path[m-1] are output to finish the path phase detection 

40 operation. 

[0021] However, the synchronization processing 
apparatus described in the above conventional tech- 
nique operates to select paths whose received power 
levels are high using a predetermined maximum selec- 

45 tion path number as a upper limit in a range of search 
width. At this point, since paths are selected based on 
received power levels, the conventional apparatus 
sometimes recognizes paths received from a plurality of 
mobile stations as paths received from the same one 

so mobile station to select in the case where random 
accesses from a plurality of mobile stations (communi- 
cation terminal apparatuses) occur at the almost same 
timing. 

[0022] The above phenomenon will be described in 
55 detail below. For example, when different mobile sta- 
tions MS1 and MS2 transmit burst signals by random 
access channel at the almost same time, delay profile 
illustrated in FIG.3 is observed at the synchronization 
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processing apparatus of a receiver of a base station. 
FIG.3 is a diagram illustrating output data from a delay 
profile data averaging section at synchronization 
processing apparatus. 

[0023] In FIG.3, received signals from mobile station s 
MS1 are paths a, b and c, and received signals from 
mobile station MS2 are paths x, y and z. A difference 
between positions (path phase) observed in the delay 
profile of paths a, b, c and paths x, y, z corresponds to a 
difference between D1 that is a distance between 10 
mobile station MS1 and base station BTS and D2 that is 
a distance between mobile station MS2 and base sta- 
tion BTS. 

[0024] In a CDMA mobile communication system, it is 
necessary to perform transmission power control with 15 
high accuracy to reduce interference between channels. 
A mobile station estimates propagation loss AL between 
the mobile station and base station BTS by measuring 
received level of a perch channel at each mobile station 
to determine transmission power level of a bursts signal 20 
to be transmitted by random access channel. This 
method is called open-loop transmission power control. 
[0025] According to the above method, it is possible to 
achieve the control so that received power from every 
mobile station is the almost same at base station BTS. 25 
Therefore, received paths from mobile station MS1 and 
mobile station MS 2 are observed as a path with the 
almost same received power in the delay profile illus- 
trated in FIG.3 not depending on a distance from base 
station BTS. 30 
[0026] Accordingly, the synchronization processing 
apparatus in the conventional technique decides a 
received path from mobile station MS1 and a received 
path from mobile station MS2 as a multipath from the 
same mobile station. Therefore it has been a problem 35 
that the conventional synchronization processing appa- 
ratus sets path phases of paths x, a, b and c at a RAKE 
receiving section when selects four path phases, and 
combines a received signal from MS1 and a received 
signal from MS2. when the RAKE receiving section 40 
combines received signal form different mobile stations, 
it is not possible to correctly output a signal transmitted 
from any one of mobile stations. 

SUMMARY OF THE INVENTION 45 

[0027] An object of the present invention is to provide 
a CDMA synchronization processing apparatus capable 
of detecting path phases for enabling a RAKE receiving 
section to as much as possible avoid combining so 
received signals from different mobile stations. 
[0028] The apparatus according to the present inven- 
tion detects, for example, in a range of search width S 
where a path phase of a received signal from a mobile 
station can be detected, path x that is a path with maxi- ss 
mum received power, sets a search window of width 
W(<S) including the path x, and detects paths x, y and z 
to set at a RAKE receiving section in a range of W. The 



search window width W may be set in a range equal to 
or less than a spread width (delay spread) of multipath 
from the same mobile station (about two<ligrt tisec). 
[0029] According to the above processing, it is possi- 
ble to obtain an excellent synchronization processing 
apparatus for enabling a RAKE receiving section to as 
much as possible avoid combining received signals 
from different mobile stations. It is not a problem to 
exclude paths exceeding the search window width W 
from an object to be selected because the possibility 
that those paths become valid paths for RAKE receiving 
is extremely low since those paths are supposed to 
have a propagation loss that is large enough against a 
direct wave. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The above and other objects and features of 
the invention will appear more fully hereinafter from a 
consideration of the following description taken in con- 
nection with the accompanying drawing wherein one 
example is illustrated by way of example, in which: 

FIG.1 is a block diagram illustrating a configuration 
of a conventional synchronization processing appa- 
ratus; 

FIG.2 is a flowchart of path phase detection opera- 
tion of the conventional synchronization processing 
apparatus; 

FIG.3 is a diagram illustrating an example of delay 
profile data; 

FIG.4 is a block diagram illustrating a configuration 
example of a CDMA receiver; 
FIG.5 is a block diagram illustrating a configuration 
of a synchronization processing apparatus accord- 
ing to a first embodiment of the present invention; 
FIG.6 is a diagram illustrating a relationships of a 
search window and a search width in the present 
invention; 

FIG.7 is a flowchart of path phase detection opera- 
tion of the synchronization processing apparatus 
according to the first embodiment of the present 
invention; 

FIG.8 is a block diagram illustrating a configuration 
of a synchronization processing apparatus accord- 
ing to a second embodiment of the present inven- 
tion; 

FIG.9 is a flowchart of path phase detection opera- 
tion of the synchronization processing apparatus 
according to the second embodiment of the present 
invention; 

FIG. 10 is a block diagram illustrating a configura- 
tion of a synchronization processing apparatus 
according to a third embodiment of the present 
invention; 

FIG. 11 is a flowchart of path phase detection oper- 
ation of the synchronization processing apparatus 
according to the third embodiment of the present 
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invention; 

FIG. 12 is a block diagram illustrating a configura- 
tion of a synchronization processing apparatus 
according to a fourth embodiment of the present 
invention; and s 
FIG. 13 is a flowchart of path phase detection oper- 
ation of the synchronization processing apparatus 
according to the fourth embodiment of the present 
invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031 ] The embodiments of the present invention will 
be described below in detail with reference to accompa- 75 
nying drawings. 

(First embodiment) 

[0032] FIG. 4 is a block diagram illustrating a configu- 20 
ration of a CDMA receiver having a RAKE receiving 
function. In FIG. 4, the CDMA receiver, which is placed 
in a base station to receive a reverse burst signal from a 
mobile station, is composed of radio section 101 con- 
nected to receiving antenna 100 for demodulating a 25 
spread signal from a received RF signal, A/D converter 

1 02 for converting analog data output from radio section 
101 into digital data, synchronization processing section 

1 03 for detecting spreading code phases of a plurality of 
paths from the digital spread signals output from A/D 30 
converter 102, memory 104 for storing received spread 
data, RAKE receiving section 105 for performing RAKE 
receiving based on the spreading code phases detected 

by synchronization processing section 103, and chan- 
nel decoder 107 for performing a frame deconstruction 35 
using output data from RAKE receiving section 105 
based on a radio channel frame format to decode infor- 
mation from a mobile station. 

[0033] RAKE receiving section 105 is composed of 
spreading code generators 1052 each for generating 40 
spreading codes, correlators 1051 each for obtaining 
correlation of a spread signal read from memory 104 
with the spreading code output from respective spread- 
ing code generator 1052 to output, phase correctors 

1 053 each for correcting the phase output from respec- 45 
tive correlator 1051 to make every phase output from 
each correlator the same phase, weighting controllers 

1054 each for performing a predetermined weighting on 
the output from respective phase correlator 1053, and 
combining section 106 for combining the outputs from so 
weighting controllers 1054. The RAKE receiving section 
105 thus has the RAKE receiving function for obtaining 

a correlation value individually with respect to a plurality 
of different paths assigned by synchronization process- 
ing section 103, correcting the phases, then performing 55 
a predetermined weighting to combine. 
[0034] FIG.5 is a block diagram illustrating a configu- 
ration of a synchronization processing apparatus 



according to the present invention used in the above 
synchronization processing section 103. In FIG.5, the 
principal part of the synchronization processing appara- 
tus is composed of spreading code generating section 
201 for generating spreading codes, matched filter 202 
for outputting correlation values of received spread data 
with the spreading code output from spreading code 
generating section 201 varying a phase of the spread- 
ing code in a time sequence, delay profile data averag- 
ing section 203 for performing averaging processing on 
outputs from matched filter 202 over a predetermined 
interval to generate delay profile data, search window 
position setting section 208 for detecting a path phase 
with maximum received power from the data output 
from delay profile data averaging section 203 , search 
window width setting section 209 for performing setting 
of a search window width determined according to a cell 
radius of a base station, search window control section 
210 for setting a search window with the search window 
width instructed from search window width setting sec- 
tion 209 at a search window position instructed from 
search window position setting section 208, maximum 
selection path number setting section 204 for setting the 
upper limit of the number of paths which the synchroni- 
zation processing apparatus can select, path selecting 
section 205 for selecting as a maximum N numbers of 
paths in order of the higher received power from paths 
with maximum received power corresponding to N num- 
bers of paths assigned by maximum selection path 
number setting section 204 in the range of the search 
window set by search window control section 210, valid 
path threshold value setting section 206 for setting a 
threshold value to limit paths in obtaining candidate 
paths to be subjected to RAKE receiving, and valid path 
deciding section 207 for selecting only the path more 
than the threshold value set by valid path threshold 
value setting section 204 from among paths selected by 
path selecting section 205. 

[0035] The operation of the synchronization process- 
ing apparatus configured as described above will be 
described using FIG.5. The synchronization processing 
apparatus according to the present invention, prior to 
initiate an operation of path phase detection, sets a type 
of spreading code used in the random access channel 
at spreading code generating section 201, sets maxi- 
mum selection path number P-MAX at maximum selec- 
tion path number setting section 204, sets valid path 
threshold value Pt at valid path threshold value setting 
section 206. and further sets search window width W 
and parameter Wb used to decide whether a search 
window is set to a path phase with maximum received 
power detected by search window position setting sec- 
tion 208 at search window width setting section 209. 
FIG. 6 illustrates the relationship of parameter Wb to 
search window width W. 

[0036] The operations of spreading code generating 
section 201 and matched filter 202 and delay profile 
averaging section 203 are the same as the synchroniza- 
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tion processing section illustrated in FIG.1 . The descrip- 
tion is given to the case of operating the synchronization 
processing apparatus according to the present inven- 
tion by twice-oversampling. 

[0037] An operation for the path phase detection with 
respect to delay profile data PD[0] to PD[S] subjected to 
the averaging processing and output from delay profile 
data averaging section 203 will be described using 
FIG.7. FIG.7 is a flowchart illustrating the operations for 
the path phase detection at search window position set- 
ting section 208, search window control section 210, 
path selecting section 205 and valid path deciding sec- 
tion 207 in the synchronization processing apparatus 
according to the first embodiment of the present inven- 
tion. In FIG. 7, S101 to S106 indicate an operation of 
search window position setting section 208, S107 indi- 
cates an operation of search window control section 
210, S108 to S1 14 indicate an operation of path select- 
ing section 205, and S1 1 5 to S1 20 indicate an operation 
of valid path deciding section 207. 
[0038] In S101 . variable p is initialized by 1, PD[0] is 
substituted for variable temp to shift to S102. In S102, a 
comparison of variable p with search width S is per- 
formed. Since a detection of path phase with maximum 
received power is finished when p>S, the processing 
shifts to S106, otherwise the processing shifts to S103. 
[0039] In S103, a comparison of PD[p] with temp is 
performed, and when PD[p]>temp, the processing shifts 
to S104, otherwise the processing shifts to S105. In 
S104, variable p is substituted for variable temp-p, and 
received power level PD[p] corresponding to this path 
phase p is substituted for variable temp, and 1 is incre- 
mented to a value of variable p to shift to S102. In S105, 
1 is incremented to a value of variable p to shift to S102. 
[0040] In S1 06, phase temp-p of a path with detected 
maximum received power is substituted for Phase [1], 
and received power level PD[temp-p] corresponding to 
path phase temp-p is substituted for Level[1]. At this 
point, since temp-p is a detected path phase, MARK is 
substituted for PD[temp-p], and further MARK is substi- 
tuted for neighboring phases temp-p- 1 and temp-p+1 to 
shift to S107. It is thus possible to detect a position of a 
path that becomes a criterion of a search width. It is fur- 
ther possible to obtain a level of the path that becomes 
a criterion of a search width, thereby facilitating a con- 
trol of search width and a determination of selected path 
number. 

[0041 ] In S1 07, W-Wb is substituted for variable Wf to 
set a search window according to search width W and 
Wb instructed from search window width setting section 
209, Phase[1l-Wf is substituted for variable Wstart that 
indicates a start position of the search window, and 
Phase] 1]-Wb is substituted for variable Wend that indi- 
cates an end position of the search window to shift to 
S108. 

[0042] In S108, variable n is initialized to 2, PD[0] is 
substituted for variable temp, search window start posi- 
tion Wstart is substituted for variable p to shift to S109. 



In S109, a comparison of variable n with maximum 
selection path number P-MAX is performed. Since P- 
MAX numbers of path phase detentions are finished 
when n>P-MAX, the processing shifts to S115, other- 

5 wise the processing shifts to S 1 1 0 . 

[0043] In S1 1 0, a comparison of variable p with search 
window end position Wend is performed. The process- 
ing shifts to S114 when p>Wend, otherwise the 
processing shifts to S1 11. In S111, a comparison of 

10 PD(p] with variable temp is performed, and when 
PD[p]>temp and a value of PD[p] is not MARK, the 
processing shifts to S1 1 2 because it is a non<letected 
path phase, otherwise the processing shifts to S113. 
[0044] In S1 1 2, variable p is substituted for variable 

is temp-p, and received power level PD[p]corresponding 
to this path phase p is substituted for variable temp, and 
1 is incremented to a value of variable p to shift to S1 1 0. 
In S1 1 3, 1 is incremented to a value of variable p to shift 
toS110. 

20 [0045] In S1 14, path phase temp-p that is detected at 
the nth time is substituted for Phase [n], received power 
level PD[temp-p] corresponding to path phase temp-p is 
substituted for Level[n]. At this point, since temp-p is a 
detected path phase, MARK is substituted for PD[temp- 

25 p], and further MARK is substituted for neighboring 
phases temp-p- 1 and temp-p+1. 1 is incremented to a 
value of variable n for the next path phase detection to 
shift to S1 09. 

[0046] In S1 15, variable n is initialized by 1 , and vari- 
30 able m is initialized by 0 to shift to S1 1 6. In S1 16, a com- 
parison of variable n with P-MAX is performed. Since P- 
MAX numbers of path phase detentions are finished 
when n>P-MAX, the processing shifts to S120, other- 
wise the processing shifts to S11 7. ft is thus possible to 
35 properly set the maximum path number to be selected 
in a search width. 

[0047] In S11 7, a comparison of received power level 
Level[n] of nth path phase detected at path selecting 
section 205 with valid path threshold value Pt. Since it is 
40 decided as a valid path when Levet[n]>Pt, the process- 
ing shifts to S118, otherwise the processing shifts to 
S119. 

[0048] In S1 18, in order to make the nth path phase 
Phase[n] decided as valid the mth valid path phase, 

45 Phase[n] is substituted for Path[m]. 1 is incremented to 
variable m and variable n to shift to S1 16. In S1 1 9, since 
it is decided that the nth path phase is not a valid path 
phase, 1 is incremented to variable n to shift to S1 16. 
[0049] In S120, since valid path deciding section 207 

so finishes the decision of valid or invalid of path with 
respect to all P-MAX numbers of path phases detected 
by path selecting section 205, m numbers of path 
phases Path[0] to Path[m-1] are output to finish the path 
phase detection operation. 

55 [0050] The detected path phases are provided to 
spreading code generator 1053 at RAKE receiving sec- 
tion 105 from synchronization processing section 103. 
Spreading code generator 1053 performs a timing con- 
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trol using the input path phase as a phase of a spread- 
ing code, and according to the timing, outputs a 
spreading code to correlator 1051. Correlator 1051 per- 
forms correlation processing of a received signal with 
the spreading code. 

[0051 ] The correlation processing result is provided to 
phase corrector 1053. Phase corrector 1053 corrects 
the output from correlator 1051 to make every phase 
output from each correlator the same phase. The cor- 
rected result is provided to weighting controller 1054. At 
weighting controller 1054, a predetermined weighting is 
performed on the output from phase corrector 1053. 
The output from weighting controller 1054 is provided to 
combining section 106 for RAKE combining, and output 
to channel decoder 107. 

[0052] As described above, according to the first 
embodiment of the present invention, since a search 
window position setting section for detecting a path 
phase having maximum received power in delay profile 
data and a search window control section for setting a 
search window in a search width in order to include the 
path with maximum received power detected by the 
search window position setting section are comprised, a 
path to be subjected to RAKE receiving is selected in a 
range of the search window to perform the path search. 
According to the above processing, it is possible to per- 
form the path phase detection for as much as possible 
preventing received signals from different mobile sta- 
tions from being combined even when random 
accesses from a plurality of different mobile stations 
occur at the almost same timing. 

(Second embodiment) 

[0053] The second embodiment of the present inven- 
tion enables an apparatus according to the first embod- 
iment to set a proper search window width based on the 
received power level of a path with maximum received 
power detected by the search window position setting 
section. 

[0054] FIG.8 is a block diagram illustrating a configu- 
ration of a synchronization processing apparatus 
according to the second embodiment of the present 
invention. The synchronization processing apparatus 
has a configuration where level measuring section 301 
is installed in the synchronization processing apparatus 
illustrated in FIG.5. In addition, in FIG.8, the same sec- 
tions as in FIG.5 have the same symbols as FIG.5 to 
omit the detailed description. 

[0055] The operation will be described below using 
FIG.8. This synchronization processing apparatus, prior 
to initiate an operation of path phase detection, sets a 
type of spreading code used in the random access 
channel at spreading code generating section 201 , sets 
maximum selection path number P-MAX at maximum 
selection path number setting section 204, and sets 
valid path threshold value Pt at valid path threshold 
value setting section 206. 



[0056] The operations of spreading code generating 
section 201 , matched filter 202 and delay profile averag- 
ing section 203 are the same as the synchronization 
processing apparatus illustrated in FIG.1. The descrip- 
5 tion is given to the case of operating the synchronization 
processing apparatus according to the present inven- 
tion by twice-oversampling. 

[0057] An operation for the path phase detection with 
respect to delay profile data PD[0] to PD[S] subjected to 

10 the averaging processing and output from delay profile 
data averaging section 203 will be described using 
FIG.9. FIG.9 is a flowchart illustrating the operations for 
the path phase detection at search window position set- 
ting section 208, level measuring section 301, search 

15 window control section 210, path selecting section 205 
and valid path deciding section 207 in the synchroniza- 
tion processing apparatus according to the second 
embodiment of the present invention. In FIG.9, S201 to 
S206 indicate an operation of search window position 

20 setting section 208. S207 indicates an operation of level 
measuring section 301. S208 indicates an operation of 
search window control section 210, S209 to S215 indi- 
cate an operation of path selecting section 205, and 
S216 to S221 indicate an operation of valid path decid- 
es ing section 207. 

[0058] In S201 . variable p is initialized by 1, PD[0] is 
substituted for variable temp to shift to S202. In S202, a 
comparison of variable p with search width S is per- 
formed. Since a detection of path phase with maximum 

30 received power is finished when p>S. the processing 
shifts to S206, otherwise the processing shifts to S203. 
In S203, a comparison of PD[p] with temp is performed, 
and when PD[p]>temp, the processing shifts to S204. 
otherwise the processing shifts to S205. 

35 [0059] In S204. variable p is substituted for variable 
temp-p. and received power level PD[p]corresponding 
to this path phase p is substituted for variable temp, and 
1 is incremented to a value of variable p to shift to S202. 
In S205, 1 is incremented to a value of variable p to shift 

40 to S202. 

[0060] In S206, phase temp-p of a path with detected 
maximum received power is substituted for Phase [1], 
and received power level PD[temp-p] corresponding to 
path phase temp-p is substituted for Levelp]. At this 
45 point, since temp-p is a detected path phase, MARK is 
substituted for PD[temp-p], and further MARK is substi- 
tuted for neighboring phases temp-p- 1 and temp-p+1 to 
shift to S207. 

[0061] In S207, with respect to received power level 
so Level[1] of a path with maximum received power 
detected by search window position setting section 208. 
a/Level[1] is substituted for search window width w, and 
p x w is substituted for Wb to shift to S208. In addition, 
a is a coefficient to determine a proper search window 
55 width corresponding to a value of Level[1], and deter- 
mined corresponding to a radio wave propagation envi- 
ronment around a place where a base station equipped 
with the synchronization processing apparatus of the 
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present invention is placed. The example herein indi- 
cates W= a /Levelp] as a method for determining W. 
However, in the case where a value of a/Level[1] does 
not become an integer, it is necessary to make the value 
integer by processing prior to substitute for W. As other 
method for determining W. a method for making a value 
of W lower when Level[1] is high, while making the value 
of W higher when Levelp] is low, is applicable. Another 
method where a conversion table for determining w cor- 
responding to a value of Level [1] is predetermined, and 
W is determined according to the table is also consider- 
able. 

[0062] In addition, p is a coefficient for determining a 
position of Phase[1] in a search window, and adopts a 
value of 0<psi . Setting p of less than 1 functions effec- 
tively in the case where received power of a delayed 
wave is higher than that of the direct wave. 
[0063] In S208, W-Wb is substituted for variable Wf to 
set a search window according to search width W and 
Wb instructed from search window width setting section 
209, Phase[1]-Wf is substituted for variable Wstart that 
indicates a start position of the search window, and 
Phase[1]-Wb is substituted for variable Wend that indi- 
cates an end position of the search window to shift to 
S209. 

[0064] In S209, variable n is initialized by 2, PD[0] is 
substituted for variable temp, search window start posi- 
tion Wstart is substituted for variable p to shift to S210. 
In S210, a comparison of variable n with maximum 
selection path number P-MAX is performed. Since P- 
MAX numbers of path phase detentions are finished 
when n>P-MAX, the processing shifts to S216, other- 
wise the processing shifts to S21 1 . 
[0065] In S2 1 1 , a comparison of variable p with search 
window end position Wend is performed. The process- 
ing shifts to S215 when p>Wend, otherwise the 
processing shifts to S212. In S212, a comparison of 
PD[p] with variable temp is performed, and when 
PD[p]>temp and a value of PDjp] is not MARK, the 
processing shifts to S213 because it is a non-detected 
path phase, otherwise the processing shifts to S214. 
[0066] In S213, variable p is substituted for variable 
temp-p, and received power level PD[p]corresponding 
to this path phase p is substituted for variable temp, and 
1 is incremented to a value of variable p to shift to S21 1 . 
In S2 14, 1 is incremented to a value of variable p to shift 
toS211. 

[0067] In S21 5, path phase temp-p that is detected at 
the nth time is substituted for Phase [n], received power 
level PD[temp-p] corresponding to path phase temp-p is 
substituted for Level[n]. At this point, since temp-p is a 
detected path phase, MARK is substituted for PD[temp- 
p], and further MARK is substituted for neighboring 
phases temp-p- 1 and temp-p+1 . 1 is incremented to a 
value of variable n for the next path phase detection to 
shift to S210. 

[0068] In S21 6, variable n is initialized by 1 , and vari- 
able m is initialized by 0 to shift to S21 7. In S21 7, a com- 
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pari son of variable n with P-MAX is performed. Since P- 
MAX numbers of path phase detentions are finished 
when n>P-MAX, the processing shifts to S221, other- 
wise the processing shifts to S21 8. 

5 [0069] In S218, a comparison of received power level 
Level[n] of nth path phase detected at path selecting 
section 205 with valid path threshold value Pt. Since it is 
decided as a valid path when LeveJ[n]>Pt, the process- 
ing shifts to S219, otherwise the processing shifts to 

w S220. 

[0070] In S219, in order to make the nth path phase 
Phase[n] decided as valid the mth valid path phase, 
Phase[n] is substituted for Path[m]. 1 is incremented to 
variable m and variable n to shift to S217. In S220, since 

15 it is decided that the nth path phase is not a valid path 
phase, 1 is incremented to variable n to shift to S217. 
[0071] In S221 , since valid path deciding section 207 
finishes the decision of valid or invalid of path with 
respect to all P-MAX numbers of path phases detected 

20 by path selecting section 205. m numbers of path 
phases Path[0] to Path[m-1] are output to finish the path 
phase detection operation. 

[0072] The detected path phases are provided to 
RAKE receiving section 105 and used in performing the 

25 RAKE combining processing. In addition, the method 
for performing the RAKE combining processing using 
these path phases is the same as the first embodiment. 
[0073] As described above, according to the second 
embodiment, level measuring section 301 determines a 

30 proper search window width W based on received 
power level Levelp] of a path with maximum received 
power detected by search window position setting sec- 
tion 208. According to the above processing, in the case 
where Levelp] is high enough, since it is possible to 

35 good receiving characteristics by combining even a 
small number of paths, the possibility that paths from 
different mobile stations are included in a search win- 
dow width is further reduced by setting the search win- 
dow width narrower. On the other hand, in the case 

40 where Levelp] is low, in order to improve the receiving 
characteristics, it is possible to perform path phase 
detection by setting the search window width wider to 
select an enough number of paths that are effective for 
RAKE receiving. 

45 

(Third embodiment) 

[0074] The third embodiment of the present invention 
enables an apparatus according to the second embodi- 
so ment to set a proper maximum selection path number 
based on the received power level of a path with maxi- 
mum received power detected by the search window 
position setting section. Level measuring section 301 
determines the maximum selection path number conre- 
55 spending to the received power level of a path with max- 
imum power level, and a maximum selection path 
number setting section is further comprised to instruct 
the maximum selection path number to path selecting 
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section 205. 

[0075] The operation in this synchronization process- 
ing apparatus will be described using FIG. 10. The syn- 
chronization processing apparatus, prior to initiate an 
operation of path phase detection, sets a type of 
spreading code used in the random access channel at 
spreading code generating section 201, and sets valid 
path threshold value Pt at valid path threshold value set- 
ting section 206. 

[0076] The operations of spreading code generating 
section 201 , matched filter 202 and delay profile averag- 
ing section 203 are the same as the synchronization 
processing apparatus illustrated in FIG.1. The descrip- 
tion is given to the case of operating the synchronization 
processing apparatus according to the present inven- 
tion by twice-oversampling. 

[0077] An operation for the path phase detection with 
respect to delay profile data PD[0] to PD[S] subjected to 
the averaging processing and output from delay profile 
data averaging section 203 will be described using 
FIG. 11. FIG. 11 is a flowchart illustrating the operations 
for the path phase detection at search window position 
setting section 208. level measuring section 301. 
search window control section 210. path selecting sec- 
tion 205 and valid path deciding section 207 in the syn- 
chronization processing apparatus according to the 
third embodiment of the present invention. In FIG.1 1. 
S301 to S306 indicate an operation of search window 
position setting section 208, S307 and S308 indicate an 
operation of level measuring section 301, S308 indi- 
cates an operation of search window control section 
210, S310 to S316 indicate an operation of path select- 
ing section 205, and S3 1 7 to S322 indicate an operation 
of valid path deciding section 207. 
[0078] In S301, variable p is initialized by 1, PD[0] is 
substituted for variable temp to shift to S302. In S302. a 
comparison of variable p with search width S is per- 
formed. Since a detection of path phase with maximum 
received power is finished when p>S, the processing 
shifts to S306, otherwise the processing shifts to S303. 
[0079] In S303, a comparison of PD[p] with temp is 
performed, and when PD[p]>temp, the processing shifts 
to S304, otherwise the processing shifts to S305. In 
S304. variable p is substituted for variable temp-p, and 
received power level PD[p]corresponding to this path 
phase p is substituted for variable temp, and 1 is incre- 
mented to a value of variable p to shift to S302. In S305, 
1 is incremented to a value of variable p to shift to S302. 
[0080] In S306, phase temp-p of a path with detected 
maximum received power is substituted for Phase [1], 
and received power level PD[temp-p] corresponding to 
path phase temp-p is substituted for Level[1]. At this 
point, since temp-p is a detected path phase, MARK is 
substituted for PD[temp-p], and further MARK is substi- 
tuted for neighboring phases temp-p- 1 and temp-p+1 to 
shift to S307. 

[0081] In S307, with respect to received power level 
Level[1] of a path with maximum received power 



detected by search window position setting section 208, 
a/Level[1] is substituted for search window width w, and 
p x w is substituted for Wb to shift to S308. At this point, 
a method for determining a and p is the same as the 

5 second embodiment and the description is omitted. 
[0082] In S308. W-Wb is substituted for variable Wf to 
set a search window according to search width W and 
Wb instructed from search window width setting section 
209, Phase[1]-Wf is substituted for variable Wstart that 

10 indicates a start position of the search window, and 
Phase[1]-Wb is substituted for variable Wend that indi- 
cates an end position of the search window to shift to 
S309. 

[0083] In S309, a value of maximum selection path 

is number P-MAX is determined based on a value of 
Level[1] to shift to S310. At this point, table(Level[1J) 
indicates that the maximum selection path number is 
obtained from a value of Level[1] using a conversion 
table. In the conversion table, the maximum selection 

20 path number is decreased when the value of Level [1] is 
high, while the maximum selection path number is 
increased when the value of Level[1] is low. 
[0084] In S3 10. variable n is initialized by 2, PD[0] is 
substituted for variable temp, search window start posi- 

25 tion Wstart is substituted for variable p to shift to S31 1 . 
In S311, a comparison of variable n with maximum 
selection path number P-MAX is performed. Since P- 
MAX numbers of path phase detentions are finished 
when n>P-MAX, the processing shifts to S3 17, other- 

30 wise the processing shifts to S3 1 2. 

[0085] In S31 2, a comparison of variable p with search 
window end position Wend is performed. The process- 
ing shifts to S316 when p>Wend. otherwise the 
processing shifts to S3 13. 

35 [0086] In S3 13. a comparison of PD[p] with variable 
temp is performed, and when PD[p]>temp and a value 
of PD[p] is not MARK, the processing shifts to S3 14 
because it is a non-detected path phase, otherwise the 
processing shifts to S3 1 5. 

40 [0087] In S314, variable p is substituted for variable 
temp-p, and received power level PD[p]corresponding 
to this path phase p is substituted for variable temp, and 
1 is incremented to a value of variable p to shift to S31 2. 
In S3 1 5. 1 is incremented to a value of variable p to shift 

45 toS312. 

[0088] In S3 16, path phase temp-p that is detected at 
the nth time is substituted for Phase [n], received power 
level PD [temp-p] corresponding to path phase temp-p is 
substituted for Level [n]. At this point, since temp-p is a 

so detected path phase, MARK is substituted for PD[temp- 
p], and further MARK is substituted for neighboring 
phases temp-p- 1 and temp-p+1. 1 is incremented to a 
value of variable n for the next path phase detection to 
shift to S31 1. In S317, variable n is initialized by 1 , and 

55 variable m is initialized by 0 to shift to S3 18. 

[0089] In S318, a comparison of variable n with P- 
MAX is performed. Since P-MAX numbers of path 
phase detentions are finished when n>P-MAX, the 
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processing shifts to S322, otherwise the processing 
shifts to S3 19. 

[0090] In S3 19, a comparison of received power level 
Level [n] of nth path phase detected at path selecting 
section 205 with valid path threshold value Pt. Since it is s 
decided as a valid path when Level[n]>Pt, the process- 
ing shifts to S320, otherwise the processing shifts to 
S321. 

[0091] In S320, in order to make the nth path phase 
Phase[n] decided as valid the mth valid path phase, 
Phase[n] is substituted for Path[m]. 1 is incremented to 
variable m and variable n to shift to S3 1 8. In S321 , since 
it is decided that the nth path phase is not a valid path 
phase, 1 is incremented to variable n to shift to S3 18. 
[0092] In S322, since valid path deciding section 207 
finishes the decision of valid or invalid of path with 
respect to all P-MAX numbers of path phases detected 
by path selecting section 205, m numbers of path 
phases Path[0] to Path[m-1] are output to finish the path 
phase detection operation. 

[0093] The detected path phases are provided to 
RAKE receiving section 105 and used in performing the 
RAKE combining processing. In addition, the method 
for performing the RAKE combining processing using 
these path phases is the same as the first embodiment 
[0094] As described above, according to the third 
embodiment of the present invention, level measuring 
section 301 determines a proper maximum selection 
path number P-MAX based on received power level 
Level[1] of a path with maximum received power 
detected by search window position setting section 208. 
According to the above processing, in the case where 
Level[1] is high enough, since it is possible to good 
receiving characteristics by combining even a small 
number of paths, the possibility that paths from different 
mobile stations are included in a search window width is 
further reduced by setting maximum selection path 
number smaller. On the other hand, in the case where 
Level[1] is low, in order to improve the receiving charac- 
teristics, it is possible to perform path phase detection 
by setting maximum selection path number P-MAX 
larger to select an enough number of paths that are 
effective for RAKE receiving. 

(Fourth embodiment) 

[0095] The fourth embodiment of the present inven- 
tion enables an apparatus according to the first embod- 
iment to detect minimum value Lmin from delay profile 
data PD[P] to PD[S] subjected to the averaging 
processing and output from the delay profile data aver- 
aging section so as to set a threshold value to extract a 
path to be subjected to RAKE receiving corresponding 
to a value of Lmin, and comprises minimum value 
detecting section 401 in the configuration described in 
the first embodiment. 

[0096] The operation will be described using FIG. 12. 
This synchronization processing apparatus, prior to ini- 



tiate an operation of path phase detection, sets a type of 
spreading code used in the random access channel at 
spreading code generating section 201 , sets maximum 
selection path number P-MAX at maximum selection 
path number setting section 204. sets threshold value 
Pt that is a relative value determined corresponding to 
minimum value min detected by minimum value detect- 
ing section 401 at valid path threshold value setting sec- 
tion 206, and further sets search window width W and 
parameter Wb used to decide whether a search window 
is set to a path phase with maximum received power 
detected by search window position setting section 208 
at search window width setting section 209. 
[0097] Tne operations of spreading code generating 
section 201 , matched fitter 202 and delay profile averag- 
ing section 203 are the same as the synchronization 
processing apparatus illustrated in FIG.1. The descrip- 
tion is given to the case of operating the synchronization 
processing apparatus according to the present inven- 
tion by twice-oversampling. 

[0098] An operation tor path phase detection with 
respect to delay profile data PD[0] to PD[S] subjected to 
the averaging processing and output from delay profile 
data averaging section 203 will be described using 
FIG. 13. FIG. 13 is a flowchart illustrating the operations 
for the path phase detection at search window position 
setting section 208, minimum value detecting section 
401, search window control section 210, path selecting 
section 205 and valid path deciding section 207 in the 
synchronization processing apparatus according to the 
fourth embodiment of the present invention. In FIG.1 3, 
S401 to S408 indicate operations of search window 
position setting section 20.8 and minimum value detect- 
ing section 401, S409 indicates an operation of search 
window control section 210, S410 to S416 indicate an 
operation of path selecting section 205, and S417 to 
S422 indicate an operation of valid path deciding sec- 
tion 207. 

[0099] In S401 , variable p is initialized by 1 , PD[0] is 
substituted for variable temp, and PD[0] is substituted 
for variable min to shift to S402. In S402, a comparison 
of variable p with search width S is performed. Since a 
detection of path phase with maximum received power 
is finished when p>S, the processing shifts to S408, oth- 
erwise the processing shifts to S403. 
[0100] In S403. a comparison of PD[p] with temp is 
performed, and when PD[p]>temp, the processing shifts 
to S404, otherwise the processing shifts to S405. In 
S404, variable p is substituted for variable temp-p, and 
received power level PD[p] corresponding to this path 
phase p is substituted for variable temp to shift to S405. 
[0101] In S405, a comparison of PD[p] with variable 
min is performed, and when PD[p]<min, the processing 
shifts to S406, otherwise the processing shifts to S407. 
In S406, PD[p] is substituted for variable min, and 1 is 
incremented to a value of variable p to shift to S402. In 
S407, 1 is incremented to a value of variable p to shift to 
S402. 
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[01 02] In S408, phase temp-p of a path with detected 
maximum received power is substituted for Phase [1], 
and received power level PD[temp-p] corresponding to 
path phase temp-p is substituted for Levelp]. At this 
point, since temp-p is a detected path phase, MARK is 
substituted for PD[temp-p], and further MARK is substi- 
tuted for neighboring phases temp-p- 1 and temp-p+1 to 
shift to S409. 

[0103] In S409, W-Wb is substituted for variable Wf to 
set a search window according to search width W and 
Wb instructed from search window width setting section 
209. Phase[1]-Wf is substituted for variable Wstart that 
indicates a start position of the search window, and 
Phase[1]-Wb is substituted for variable Wend that indi- 
cates an end position of the search window to shift to 
S410. 

[0104] In S410, variable n is initialized by 2, PD[0] is 
substituted for variable temp, search window start posi- 
tion Wstart is substituted for variable p to shift to S411 . 
In S411, a comparison of variable n with maximum 
selection path number P-MAX is performed. Since P- 
MAX numbers of path phase detentions are finished 
when n>P-M AX, the processing shifts to S41 7, other- 
wise the processing shifts to S412. 
[0105] In S412, a comparison of variable p with search 
window end position Wend is performed. The process- 
ing shifts to S416 when p>Wend, otherwise the 
processing shifts to S413. In S413, a comparison of 
PD[p] with variable temp is performed, and when 
PD[p]>temp and a value of PD[p] is not MARK, the 
processing shifts to S414 because it is a non-detected 
path phase, otherwise the processing shifts to S415. 
[0106] In S414, variable p is substituted for variable 
temp-p, and received power level PD[p]corresponding 
to this path phase p is substituted for variable temp, and 
1 is incremented to a value of variable p to shift to S41 2. 
In S41 5, 1 is incremented to a value of variable p to shift 
toS412. 

[01 07] In S41 6, path phase temp-p that is detected at 
the nth time is substituted for Phase [n], received power 
level PD[temp-p] corresponding to path phase temp-p is 
substituted for Level[n]. At this point, since temp-p is a 
detected path phase, MARK is substituted for PD[temp- 
p], and further MARK is substituted for neighboring 
phases temp-p- 1 and temp-p+1. 1 is incremented to a 
value of variable n for the next path phase detection to 
shift to S412. In S417, variable n is initialized by 1, and 
variable m is initialized by 0 to shift to S418. 
[0108] In S418, a comparison of variable n with P- 
MAX is performed. Since P-MAX numbers of path 
phase detentions are finished when n>P-MAX, the 
processing shifts to S422, otherwise the processing 
shifts to S419. In S419, a comparison of received power 
level Level[n] of nth path phase detected at path select- 
ing section 205 with valid path threshold value min+Pt 
Since it is decided as a valid path when 
Level[n]>Pt+min, the processing shifts to S420, other- 
wise the processing shifts to S421 . 



[0109] In S420, in order to make the nth path phase 
Phase[n] decided as valid the mth valid path phase, 
Phase[n] is substituted for Path[m]. 1 is incremented to 
variable m and variable n to shift to S418. In S421 , since 

5 it is decided that the nth path phase is not a valid path 
phase, 1 is incremented to variable n to shift to S418. 
[01 1 0] In S422, since valid path deciding section 207 
finishes the decision of valid or invalid of path with 
respect to all P-MAX numbers of path phases detected 

10 by path selecting section 205, m numbers of path 
phases Path[0] to Path[m-1] are output to finish the path 
phase detection operation. 

[0111] The detected path phases are provided to 
RAKE receiving section 105 and used in performing the 
75 RAKE combining processing. In addition, the method 
for performing the RAKE combining processing is the 
same as the first embodiment. 

[0112] As described above, according to the fourth 
embodiment of the present invention, minimum value 

20 detecting section 401 detects the minimum received 
power level min using data output from delay profile 
data averaging section 203, and assuming min as an 
approximate value of noise, sets min+Pt that is a sum of 
min and relative threshold value Pt predetermined to 

25 min as a received power threshold value to select a path 
to be subjected to RAKE receiving. This processing 
thus makes it possible to set a proper valid path thresh- 
old value depending on fluctuations of noise. 
[0113] In addition, a receiver illustrated in FIG.4, radio 

30 section 102 generally controls an amplitude gain of a 
received RF signal to obtain a proper amplitude of the 
signal corresponding to a dynamic range of A/D con- 
verter 103. Therefore, an amplitude of a spread signal 
input to the synchronization processing apparatus is 

35 affected by the above control, and the noise level con- 
tained in the spread signal fluctuates. The noise level 
also fluctuates in an averaging interval of the averaging 
processing in the delay profile averaging section of the 
present invention. 

40 [0114] The present invention is not limited to the 
above described embodiments, and various variations 
and modifications may be possible without departing 
from the scope of the present invention. In other words, 
the present invention is applicable to all apparatuses 

45 that need to obtain a path phase of a received signal 
exactly without being affected by interference waves. 
[01 15] As described above, according to the synchro- 
nization processing apparatus of the present invention, 
a search window of width W (W<S) to include a path 

so phase with maximum received power is set in a search 
width S that is a range where path search should be 
performed in order to limit the selection range of paths 
to be subjected to RAKE receiving within the above 
search window. It is thus possible to as much as possi- 

55 ble avoid combining a plurality of paths from different 
mobile stations to perform RAKE receiving. 
[0116] The present invention is not limited to the 
above described embodiments, and various variations 
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and modifications may be possible without departing 
from the scope of the present invention. 
[01 1 7] This application is based on the Japanese Pat- 
ent Application No.HEl 10-103140 filed on April 14, 
1998, entire content of which is expressly incorporated 
by reference herein. 

Claims 

1. A synchronization processing apparatus compris- 
ing: 

search width controlling means (209) for con- 
trolling a search width to a multipath spread 
width including a path with maximum received 
power in received signals subjected to spread- 
ing processing with a spreading code; 
path phase computing means for computing a 
phase of a path with received power higher 
than a predetermined threshold value in said 
search width; and 

timing control means for performing a control to 
use the computed path phase as a phase of 
said spreading code. 

2. The synchronization processing apparatus accord- 
ing to claim 1, further comprising path detecting 
means(207) for detecting a path with maximum 
received power. 

3. The synchronization processing apparatus accord- 
ing to claim 1, further comprising measuring means 
(301) for measuring a first received power level of a 
path with maximum received power. 

4. The synchronization processing apparatus accord- 
ing to claim 3, wherein the search width control 
means(209) controls the search width based on the 
first received power level. 

5. The synchronization processing apparatus accord- 
ing to claim 3, further comprising path selecting 
means(205) for selecting a path in said search 
width based on the first received power level. 

6. The synchronization processing apparatus accord- 
ing to claim 3, wherein the measuring means(30l) 
measures a second received power level of a path 
with minimum received power to set said predeter- 
mined threshold value based on the second 
received power level. 

7. The synchronization processing apparatus accord- 
ing to claim 1, wherein the received signals are 
common channel signals from a communication 
terminal apparatus to a base station apparatus in a 
radio communication system. 



8. A base station apparatus comprising a synchroni- 
zation processing apparatus in a radio communica- 
tion system, said synchronization processing 
apparatus comprising: 

5 

search width controlling means(209) for con- 
trolling a search width to a multipath spread 
width including a path with maximum received 
power in received signals subjected to spread- 

10 ing processing with a spreading code; 

path phase computing means for computing a 
phase of a path with received power higher 
than a predetermined threshold value in said 
search width; and 

is timing control means for performing a control to 

use the computed path phase as a phase of 
said spreading code. 

9. A receiving apparatus comprising: receiving 
20 means(101) for receiving received signals sub- 
jected to spreading processing with a spreading 
code, wherein the received signals are common 
channel signals from a communication terminal 
apparatus to a base station apparatus in a radio 

25 communication system; 

path phase computing means for controlling a 
search width to a multipath spread width 
including a path with maximum received power 
30 in said received signals and computing phases 

of at least two paths with received power higher 
than a predetermined threshold value in said 
search width; 

correlation means for performing correlation 
35 processing of each of received signals of said 

at least two paths with said spreading code 

using the computed path phase as a phase of 

said spreading code; and 

RAKE combining means(106) for performing 
40 weighting on each of the correlation results to 

combine. 

10. A synchronization processing method comprising 
the steps of: 

45 

controlling a search width to a multipath spread 
width including a path with maximum received 
power in received signals; and 
computing a phase of a path with received 
so power higher than a predetermined threshold 

value in said search width. 

11. The synchronisation processing method according 
to claim 10, further comprising the step of measur- 
es ing a first received power level of a path with maxi- 
mum received power 

12. The synchronization processing method according 
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to claim 10, further comprising the step of control- 
ting the search width based on the first received 
power level. 

13. The synchronization processing method according s 
to claim 10. further comprising the step of measur- 
ing a second received power level of a path with 
minimum received power to set said predetermined 
threshold value based on the second received 
power level. to 
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